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OPTICAL PHENOMENA I N  PHOTOELASTIC COATINGS 

I N  THE INVESTIGATION OF SHELLS 

K h .  K .  Abed  

ABSTRACT 

Deformation determlnatior, mder r o t a t i o n  i s  discussed. 

Coating thickness and rotat ion d i rec t ion  are considered. 

Reference 1 shows t h a t  photoelastic coatings used i n  the invest iga-  /86* 

t i o n  of s h e l l s  may undergo a subs tan t ia l  r o t a t i o n  of the pr inc ipa l  deforma- 

t i o n s  which i n  t u r n  may sometimes lead t o  subs tan t ia l  e r r o r s  i n  determining 

these d i rec t ions  i n  the  middle surface of the coating. The a r t i c l e  by M. Kh. 

Akhmetzyanov ( r e f .  2) has shown t h a t  the e r r o r s  caused by t h i s  i n  determining 

t h e  components of deformation under cer ta in  d e f i n i t e  assumptions are within 

the  l i m i t s  of accuracy of t h e  experiment. 

t h e  conclusions reached by M. K h .  Akhmetzyanov, h i s  general  formulation of 

o p t i c a l  phenomena i n  t h e  case of t h e  r o t a t i o n  of the  pr inc ipa l  d i rec t ions  

requi res  refinement . 

Although we can agree with some of 

The bas ic  conclusions of M. Kh. Akhmetzyanov are based on t h e  proposit ion 

t h a t  t h e  experimentally determined charac te r i s t ic  d i rec t ions  coincide with 

"Numbers given i n  margin ind ica te  pagination i n  o r i g i n a l  fore ign  t e x t .  

l T a l l i n .  



. NASA TT F-9879 

the d i rec t ions  of the pr inc ipa l  deformations on the surface of the photoelast ic  

coating. 

f o r  s u f f i c i e n t l y  la rge  phase differences 6 excepting the  regions where 

6 w (2n + 1) j n  ( n  = 0,  1, 2, . . .). I n  the  l a t t e r  regions which contract  

when n increases, the c h a r a c t e r i s t i c  direct ions may d i f f e r  s u b s t a n t i a l l y  from 

the p r i n c i p a l  d i rec t ions .  Therefore t h e  e r r o r s  i n  determining t h e  l a t t e r  may 

a l so  be grea te r  than assumed i n  reference 2 when the values of 6 a r e  high. 

It follows from references 3 and 4 that  this  i s  approximately t r u e  

Further  it i s  s t a t e d  i n  reference 2: " . . . w i t h  a decrease i n  the thickness 

of t'ne coating the  e r r o r  introdaced by the rot.at.ion of the p r i n c i p a l  deforma- 

t i o n s  i n  the coating decreases and i n  the l i m i t  ceases t o  e x i s t . "  This would 

be t r u e  i f  the  proposit ion on t h e  coincidence of the c h a r a c t e r i s t i c  d i rec t ions  

w i t h  the pr inc ipa l  d i rec t ions  on the  surf ace of the coating were always satisfied. 

A s  shown above, t h i s  i s  not so. Here t h e  authm has forgot ten  tha t  the  o p t i c a l  

phenomena during the  r o t a t i o n  of pr inc ipa l  d i rec t ions  are of a nonlinear nature .  

Therefore although during t h e  decrease i n  the  thickness of t h e  photoelast ic  

coating, the e r r o r  due t o  the  ro ta t ion  of t h e  pr inc ipa l  ax is  tends t o  decrease 

i n  general ,  the reverse s i t u a t i o n  may also occur. T h i s  follows from references 

3 and 4 and can be simply i l l u s t r a t e d  by m e a n s  of an example. 

L e t  us assume tha t  during the i n i t i a l  thickness of t h e  photoelast ic  coating 

d the phase difference 6 and the angle of ro ta t ion  of the p r i n c i p a l  d i r e c t i o n  

Qo have the following values: 

i n  reference 4 it follows tha t  i n  t h i s  case the e r r o r  i n  determining the  

p r i n c i p a l  d i rec t ions  i n  the middle surface of the coating i s  equal t o  zero, 

s ince  t h e  angle a between the  conjugate c h a r a c t e r i s t i c  d i r e c t i o n s  is  equal t o  

zero,  i . e . ,  the d i r e c t i o n a l  charac te r i s t ics  coincide w i t h  t h e  p r i n c i p a l  d i rec-  

t i o n s  i n  t h e  middle surface of the coating. By decreasing the coating thickness 

6 = ?lo0, Go = 14'. From the nomogram presented 
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t o  0.7 d ( 6  w 360°, GO w loo) ,  we have cy = loo,  i .e.,  the e r r o r  i n  determining 

the  pr inc ipa l  d i rec t ions  i n  the middle surface of the coating i s  -5'. Further  

we f i n d  t h a t  when the coating thickness i s  0.39 d ( 6 w 200°, mo w 5.5 , 
cy w 20') the e r r o r  i n  determining the  pr inc ipa l  d i rec t ions  i s  -10' while f o r  

a coating thickness of 0.31 d (6 w 160°, mo w 4 5 O ,  cy w -10 ) it i s  approxi- 

mately 5'. 

0 

0 

A s  the thickness i s  decreased f u r t h e r  the e r r o r  decreases t o  zero. 

/87 Thus during the decrease of the  coating thickness there  i s  no mono- 

tonic  decrease i n  the e r r o r  incurred i n  determining the pr inc ipa l  d i rec t ions .  

It i s  prec ise iy  this point t ha t  was m t e d  i n  reference 1 when it was s t a t e d  

t h a t  the decrease i n  the thickness of t h e  coating does not m a k e  it possible  

t o  eliminate the e f f e c t  produced by the r o t a t i o n  of the pr inc ipa l  d i rec t ions .  

A s  it follows from references 3 and 4 the  monotonic decrease i n  the e r r o r  

during the decrease i n  the thickness of the  coat ing takes place only when 

6 < JI. 

prac t ice .  

However, t h i s  region of phase differences i s  hardly of i n t e r e s t  i n  

Reference 2 does not present an e n t i r e l y  accurate explanation of the 

approximation used i n  reference 1. In  the l a t te r  work it w a s  assumed tha t  the 

d i f fe rence  of the  p r i n c i p a l  deformations i s  constant and tha t  t h e i r  d i rec t ions  

r o t a t e  uniformly over the thickness of the  photoelast ic  coating. The applica- 

t i o n  of t h i s  approximation i s  due t o  the f a c t  t ha t  t h i s  case has been studied 

i n  de t a i l  i n  the l i t e r a t u r e  (refs.  3-5) .  

p r i n c i p a l  deformations i n  the general case v a r i e s  over the thickness of the 

coat ing and i n  the  f i r s t  approximation t h i s  v a r i a t i o n  may be considered t o  be 

l i n e a r .  If the r o t a t i o n  of the pr inc ipa l  d i rec t ions  w e r e  t o  be d s e n t  bcth 

of t h e  approximations would be equivalent i f  i n  the  f i r s t  case we define t h e  

phase difference as t h e  phase difference i n  the middle surface of the coating. 

Actually the difference of the 
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It can be assumed t h a t  t h i s  i s  approximately so a l so  i n  the case of t he  r o t a -  

t i o n  of the pr inc ipa l  d i rec t ions .  Therefore, t h e  phase difference determined 

by the method of reference 1 is  known beforehand t o  p e r t a i n  t o  the middle  

surf ace of the  coating and not t o  t h e  ex terna l  surface as assumed i n  reference 2. 

I n  conclusion we note t h a t  t h e  deduction made by M.  K h .  Akhmetzyanov t h a t  

the e r r o r  i n  determining t h e  direct ion of the p r i n c i p a l  deformations produced 

by t h e i r  ro ta t ion  has a weak e f f e c t  on the accuracy of determining the deforma- 

t i o n  components themselves, cannot be contradicted.  However, i f  real  o p t i c a l  

phenomena are  taken i n t o  account t h e  e r r o r s  'LE determining the pr inc iFa l  

d i rec t ions  may be s u b s t a n t i a l l y  greater than those assumed i n  reference 2. 

the  t h e o r e t i c a l  a n d y s i s  of t h e  problem it i s  necessary t o  bear t h i s  i n  mind 

although it i s  q u i t e  possible  t h a t  i n  p rac t ice  such cases w i l l  be encountered 

seldom . 

I n  
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